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Abstract ……..

The goal of this document is to provide Condition Based Maintenance (CBM) stakeholders with a solid 
perspective on the state-of-the-art of CBM and to inform the Canadian Forces on the potential of CBM and 
Autonomic Logistics (AL) practices for improved military platform performance and cost effective 
platform life cycle management. Two databases of 4,394 bibliographic records of journal articles, 
conferences papers, theses and government reports (2006-2011) and 1,204 patent families (1990-2011) 
were compiled and analyzed using text analytic software. Findings show that CBM research is primarily 
engaged with technical challenges related to sensor technologies, condition monitoring, and diagnostic and 
prognostic accuracy.  Communications and decision support technologies are also receiving increased 
attention. The benefits of CBM are substantial and could represent significant cost-efficiencies in the long-
term.  However, short-term benefits are difficult to realize since initial acquisition and installation costs are 
high. Careful consideration must be paid to data integration with legacy systems, particularly supply chain 
management and logistics systems.  Work on the Joint Strike Fighter (JSF) is advancing development of 
prognostics and health management (PHM) methods as well as the related logistics systems, and is an 
important area to monitor as lessons learned for the JSF could be applied to retrofitting legacy platforms.

Résumé ….....
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Executive summary 

Condition Based Maintenance Literature Survey 
Tamara Keating, Tamara McLaughlin, Sharon Weaver; DRDC Atlantic CR 2012-106;
Defence R&D Canada – Atlantic; October 2012. 

Background: Defence R&D Canada (DRDC) is interested in assessing the potential impact that Condition 
Based Maintenance (CBM) and Autonomic Logistics (AL) would have on the Canadian Forces (CF) 
operations and on the ability of the Royal Canadian Air Force (RCAF) to address its S&T implementation 
directives (2010). In response, DRDC commissioned a Strategic Technical Insights (STI) study through the 
National Research Council (NRC) with the objective to increase the CF understanding of CBM and to 
inform stake holders, policy makers and decision makers on CBM potential in the CF. This objective is met 
by addressing the following: The state of CBM/CBM+ Technologies and Concepts of Operation, The 
linkages between CBM and its variants (e.g. IHM, S&RL, PHM, Autonomic Logistics, etc.), the benefits 
of CBM/CBM+, particularly with regards to Return On Investment (ROI). 

Results: A database of 4,394 bibliographic records of journal articles, conferences papers, theses and 
government reports, published between 2006 and 2011, was compiled and analyzed using text analytic 
software.  In addition, records for 1,204 patent families were also gathered and analyzed (1990-2011).  Over 
60 articles, market research reports and government documents were also reviewed. Analysis revealed that 
there is a high degree of patenting activity for automotive applications, such as vehicle telematics related 
to condition of the vehicle or driver, but that condition based maintenance for other industries is somewhat 
less mature. Operational and technical interoperability among systems and across nations is not widely 
discussed in the literature, except in the context of open standards for sensor and data interoperability; 
however there is currently no industry consensus on which standards to follow. Careful selection of 
standards and consideration of data formats and integration with legacy data should be considered for any 
CBM implementation.  

Drivers for the adoption of CBM are the same as the cited benefits: to enhance safety, to improve business 
and maintenance processes, and to reduce operational and support costs. In general, cost savings are usually 
calculated from cost avoidance based on reductions in maintenance test flights, maintenance man hours, 
reduced system downtime, and reduced costs in spare components.  The preparation of a CBA becomes a 
task of determining the cost differences between the platforms with and without CBM and therefore 
historical cost and maintenance data must be available for comparison.  Of the studies examined, all but 
one found significant cost savings, sometimes in the millions of dollars, and a positive return on investment 
(ROI).  However, the ROI sometimes takes years to realize and initial investment may be difficult to justify. 
Observed barriers and challenges to CBM implementation include: High acquisition and installation costs 
– as much as $15,000 USD per platform, Prognostic accuracy and selecting appropriate prognostic methods
– improvements to sensors and analytical algorithms are still needed to reduce false alarms.

Significance:  This Strategic Technical Insight Analysis (STIA) is expected to help increase the Canadian 
Forces’ understanding of key CBM drivers, issues, benefits and challenges and to help fine tune its efforts 
in the development of a Canadian CBM strategy/policy.  

Future plans: Conduct a sound cost-benefits analysis pilot study, establish a community of interest (COI) 
and initiate the development of a CF CBM strategy.
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1 BACKGROUND
1.1 Context 
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1.2 Key Issues 

1.3 Key Questions 



Condition Based Maintenance October 2012



Condition Based Maintenance October 2012

2 INTRODUCTION

Condition Based Maintenance Plus Guidebook

CBM 

CBM+
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Prognostics and Health Management (PHM) 

Structural Health Monitoring (SHM)

Health and Usage Monitoring Systems (HUMS)

Integrated Vehicle Health Management (IVHM)
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Figure 1. CBM and Autonomic Logistics Concepts 
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Figure 2. Frequency of Platforms & Systems co-occurring with CBM concepts, number of records 
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3 CONDITION BASED MAINTENANCE TECHNOLOGIES 
AND SYSTEMS

3.1 Technology Trends 
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Figure 3. Cluster Map, detail - Top 300 Terms 
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Figure 4. Top Subjects – Literature 
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Figure 5. Cluster Map - Subject Groups
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CBM+ Guidebook
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Health Assessment Analytics

Figure 6. CBM Hardware and Software Technologies, % of total records 
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3.1.1 Sensors 
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Figure 7. Cluster Map, detail - Sensors Subset 
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Figure 8. Top 20 Subject Groups - Sensors Subset 
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Figure 9. Cluster Map, Subject Groups - Sensors Subset
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Figure 10. Relative Level of Research Interest - Sensor Technologies 
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3.1.2 Condition Monitoring 
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Figure 11. Condition Indicators, % of Total Publications 
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Figure 12. Co-occurrences of Condition Indicators and Sensor Types (numbers of publications) 

3.1.3 Health Assessment and Analytics 
CBM+ Guidebook health assessment analytics
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Figure 13. Condition Metrics, % of Total Publications 
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Figure 14. Key Subjects for Modeling, Simulation and Prediction 
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3.1.4 Communications Technologies 
CBM+ Guidebook
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Figure 15. Top subject groups - Communications Subset 
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Figure 16. Cluster Map - Communications Subset - Subject Groups 
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Figure 17. Relative Level of Research Interest - Communications Technologies 

3.1.5 Decision Support 
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data management data access and storage
risk risk analysis risk 

management risk (general) Knowledge-based systems and KM

Figure 18. Top 20 Subject Groups - Decision Support Subset 

Number of publications



Condition Based Maintenance October 2012

Figure 19. Cluster Map - Decision Support and Risk Subset 

3.2 Patent Analysis 
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Figure 20. Cluster Map - Patent Subject Groups (correlation > 17%) 
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not

Figure 21. Patent Maturity Curves (1995-2009) 

N
um

be
r o

f P
at

en
t A

pp
lic

at
io

ns

Application Year



Condition Based Maintenance October 2012

3.3 CBM Systems 

BAE Systems 

Clockwork Solutions 

GE Aviation  
Goodrich Corporation 

Research Policy
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Impact Technologies 
PHM Design Software

MACSEA Ltd.

Mxi Technologies 

Ridgetop Group

Scientific Monitoring Inc

3.4 Interoperability 

Guidance on Integrated Logistics 
Support for Multinational Armament Programmes  
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Interoperability and Supportability of Information Technology (IT) and National 
Security Systems (NSS)27

Condition 
Monitoring and Diagnostics of Machines, 
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4 BENEFITS, RETURN ON INVESTMENT

how

4.1 Benefits of CBM 

•
•
•
•
•
•
•
•
•
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CBM+ Guidebook
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o
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o

4.2 Measures and Metrics for Cost-Benefit Analysis 

CBM+ Guidebook

CBM+ Guidebook
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4.3 Cost-Benefits Analysis Tools 

US Army Research Laboratory (ARL) Trade Space Visualizer (ATSV) 

CALCE Maintenance Planning Tool
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Boeing - Ownership Cost Calculator for Aerospace Health Management (OCCAM)

Total Life Cycle Management Assessment Tool (TLCM-AT) 

4.4 CBM Implementations 

4.4.1 University of South Carolina and the South Carolina Army National 
Guard 
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o

o

4.4.2 U.S. Army Materiel Command – Heavy Expanded Mobility Tactical 
Trucks (HEMTT) 
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4.4.3 U.S. Army Aviation Command (AMCOM) – UH-60 Blackhawk 
Helicopters 
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4.4.4 U.S. Army Aviation and Missile Life Cycle Management Command 
(AMCOM) 

•
•
•
•

4.4.4.1 2007 report 

Table 1. AMCOM CBM Program - Cost Benefit Results 

AH-64 
(171 aircraft)

UH-60
(143 aircraft)

CH-47
(30 aircraft)

Efficiencies Overall $2.1M $295K $128K

Readiness 1% increase 3.3% increase 1% increase

Maintenance Man Hours (MMH) 
Avoided 2,254 hrs 1,237 hrs 632 hrs

Downtime Avoided 355 hrs 673 hrs 203 hrs

Maintenance Test Flights 
(MTF)

513 hr 
reduction

147 hr 
reduction

32 hr 
reduction

•
•
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4.4.4.2 2011 report 

•
•
•
•
•
•
•

•
•
•

4.4.5 U.S. Navy - Integrated Condition Assessment System (ICAS) 
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Table 2. Savings and Return on Investment for Navy ICAS Study 

Description Reported in (Department of 
Defense 2011)

Reported in (DiUlio 2002)

Annual Savings (Existing 
Installs) 

$6.6M
165.2 man-years

$6.1M / yr
(this was also reported as $12.7M 
potential savings, if the 14 ships 
without ICAS were counted)

Class Wide for 15 Life Yr Span $192M
4,779 man-years

Not reported

Savings & Manpower Reduction 
• Maintenance Savings:
• Fuel Usage:
• Logsheet Manhours
• Total Savings:

$347K / ship / year
$126K / ship / year 
Not reported
$473K  / ship / year

$152K / ship / year34

$  90K / ship / year
$ 230K/ship / year
$472 / ship / year

Payback 11 months 1 year (projected)

Return on Investment 3.55 (ratio) Not reported

4.4.6 Boeing 737 – ROI for PHM of Electronic Products 
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5 BARRIERS AND DRIVERS TO ADOPTION
5.1 Drivers 

,

Army Reliability Policy
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5.2 Barriers and Challenges 
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6 AUTONOMIC LOGISTICS

CBM+ Guidebook

CBM+ Guidebook CBM+ Guidebook
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6.1 Technology Trends 

Sense & Respond Logistics 

Figure 22. Logistics Topics - % of Total Publications per Year 

Decision Support Information systems
Asset tracking, RFID Sensors Sensor networks
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Condition Monitoring, CBM, 
Diagnostics, Prognostics, )

Figure 23. Subject Groups - Logistics Subset 
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Figure 24. Relative Rate of Research Interest - Information Systems - Logistics Subset 

Standard Deviation
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Figure 25. Relative Rate of Research Interest - Sensors, wireless and asset tracking clusters - Logistics Subset 

Sense and Respond Logistics Technology Roadmap

Standard Deviation
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6.2 Military Autonomic Logistics Systems 

6.2.1 Autonomic Logistics for the Joint Strike Fighter (JSF) 
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6.3 Commercial Systems and Industry Adoption 
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6.3.1 Wal-Mart and RFID for the Retail Industry 
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6.3.2 United Parcel Service (UPS) and FedEx 
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7 MAJOR PLAYERS
7.1 Organizations 

Figure 26. Major Players - Number of records for DoD Categories, 2006-2011 
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Figure 27. Canadian Players with 5 or More Publications, 2006-2011 
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Figure 28. Patent Assignees with 10 or more Patents, 1990-2011 
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Figure 29. Top Patent Assignees - Non-Automotive Applications, 1990-2011 
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7.2 Authors 

Table 3. Top Authors – International, 2006-2011 

Author Name # Publications
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Georgia Institute of Technology, Atlanta, GA, USA 21

Worden, Keith, 
University of Sheffield, United Kingdom 21

Farrar, Charles R., 
Los Alamos National Laboratory, NM, USA 19
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University of South Carolina, Columbia, SC, USA 18

Inman, Daniel J.,
Virginia Polytechnic Institute and State University, 
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Table 4. Top Authors – Canada, 2006-2011 

Author # Publications
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8 CONCLUSIONS
CBM+ Guidebook

 CBM+Guidebook
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Search concepts:
1: CBM/PHM 2: CBM/PHM, qualified 3: Vehicles/Military domain

10.2.2 Analysis 
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Growth Rate Analysis using Z-scores Normalization 

Figure 30. Rate of change in % of total publications - Sensor Technologies 
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Figure 291. Relative Rate of Research Interest - Sensor Technologies 
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The Lessons Learnt About Battle Damage ... 2-4 UK Joint Battlefield Support Helicopter

. "What's on the horizon? Future capabilities 
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10.4 Glossary 

Acronym Definition 
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10.5 Major Players Data 

Table 5. Major Players - International 

Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

Harbin Institute of 
Technology, China[77] 43

Dalian University of Technology, Dalian, 
China [13]44

Missouri University of Science and 
Technology, Rolla, MO, United States [2];
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United States [1]

Ou, J. P. [21]45

Zhong, Shisheng 
[16];
Li Hongru [12];
Ding, Gang [9];
Wang, Y. [6]

Structures [44];
Condition monitoring [39];
SHM [36];
Sensors [28];
Engines [21];
Civil structures / Bridges 
[20];
Aircraft (excl. Rotorcraft) 
[17];
Strain [14];
Artificial intelligence [13];
Accidents / safety [12];
Fiber optics [12]

Condition monitoring (CM) 
[35];
Structural health monitoring 
(SHM) [35];
Monitoring and control [19];
Structural engineering [14];
Sensors [13];
bridges (structures) [11];
Health monitoring [11];
Fiber Bragg Grating (FBG) 
[9];
Fiber optic sensors [9];
Aircraft engine condition 
monitoring [8];
Aircraft engines [8];
Fiber optics [8]

2006  - 2011
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Byington, C. S. [13];
Kalgren, P. W. [13];
Liang Tang [11];
Vachtsevanos, G. J. 
[10]

PHM [33];
Diagnostics [23];
Aircraft (excl. Rotorcraft) 
[22];
Condition monitoring [16];
Engines [16];
Failure [14];
Modeling [14];
Health and usage monitoring 
[13];
Algorithms [12];
Fault diagnosis [11];

Condition monitoring (CM) 
[16];
Prognostics and Health 
Management (PHM) [16];
fault diagnosis [11];
prognostics [11];
Health management system 
(HMS) [10];
Condition based 
maintenance (CBM) [9];
Remaining Useful Life (RUL) 
[9];
Aircraft [8];
Aircraft maintenance [8];
Health monitoring [8]

2006  - 2011

U.S. Air Force Research 
Laboratory (AFRL), 
Wright-Patterson AFB, 
OH, United States[52]

University of Dayton, OH, United States [5];
Wright State University, Dayton, OH, USA 
[3];
McAulay Brown, Beavercreek, OH, USA [2];

Blackshire, J. [8];
Derriso, M. M. [8];
Cooney, A. [6];
Knopp, J. S. [6];
Jata, K. V. [5];
Lindgren, E. A. [5];
Olson, S. E. [5]

Aircraft (excl. Rotorcraft) 
[27];
Structures [24];
SHM [22];
Sensors [12];
Engines [11];
Condition monitoring [9];
Inspection & nondestructive 
evaluation [9];
Materials [9];
Cracks [8];
Damage detection [8];

Structural health monitoring 
(SHM) [21];
Aeronautics and 
Aerodynamics--Aircraft [11];
Aircraft [11];
Condition monitoring (CM) 
[9];
Aircraft maintenance [6];
Structural mechanics [6];
Cracks [5];
Damage detection [5];
Health management system 
(HMS) [5];
Monitoring and control [5];
Sensors [5]

2006  - 2010
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Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

Nanjing University of 
Aeronautics and 
Astronautics (NUAA), 
China[47]

Air China Technics, Beijing, China [1];
Beihang University, Beijing, China [1];
Huaiyin Normal University, Huaian, China 
[1];
Jinangsu Teachers University of Technology, 
Changzhou, China [1]

Yuan, Shenfang [15];
Qiu, L. [12];
Zuo, Hong fu [9];
Yuan, Shen fang [7];
Hongfu, Z. [5]

Aircraft (excl. Rotorcraft) 
[30];
Condition monitoring [19];
SHM [18];
Structures [18];
Engines [14];
Sensors [12];
Materials [10];
Costs / ROI [9];
Piezoelectric devices [9];
Modeling [8]

Condition monitoring (CM) 
[18];
Structural health monitoring 
(SHM) [18];
Aircraft [11];
Aircraft maintenance [10];
Multi-agent systems [7];
Structures (built objects) [7];
Aeroengines [6];
Aerospace components [6];
Maintenance cost [6];
Monitoring and control [6];
piezoelectric sensors [6];
Reliability [6]

2006  - 2011

University of Maryland, 
College Park, MD, 
USA[44]

City University of Hong Kong, Kowloon, 
Hong Kong [7];
Beihang University, Beijing, China [2];
Techno-Sciences, Inc., Beltsville, MD, USA 
[2];
Bell Helicopter Textron Inc., Fort Worth, TX, 
United States [1]

Pecht, M. [26];
Gu, J. [7];
Sandborn, P. A. [6];
Baz, A. [4];
Das, D. [4]

PHM [30];
Failure [18];
Reliability [16];
Electronics [11];
Condition monitoring [10];
Life cycle [10];
Structures [9];
Aircraft (excl. Rotorcraft) [8];
Costs / ROI [8];
Fatigue [7];
Prediction (general) [7]

Prognostics and Health 
Management (PHM) [19];
Health management system 
(HMS) [13];
Condition monitoring (CM) 
[10];
Failure analysis [9];
Reliability [8];
Electronic product [7];
prognostics [7];
Life cycle cost (LCC) [6];
Structural health monitoring 
(SHM) [6];
Fatigue [5];
Reliability prediction [5]

2006  - 2011
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Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

Beihang University, 
Beijing, China[43]

University of Maryland, College Park, MD, 
USA [2];
Beijing University of Aeronautics and 
Astronautics (BUAA), Beijing, China [1];
City University of Hong Kong, Kowloon, 
Hong Kong [1];
First Aeronautical Engineering Institute of 
Chinese Air Force, Xinyang, China [1]

Kang, R. [8];
Gao ZhanBao [4];
Li, X. [4];
Pecht, M. [4];
Chuan, Lv [3];
Gong Q. [3];
Huiguo Zhang [3];
Ma, Lin [3];
Xingshan, L. [3];
Yu, Jinsong [3];
Yuan, Haiwen [3];
Zhang, H. [3];
Zhang, J. [3];
Zhao Y. [3];
Zhao, T. [3]

PHM [21];
Aircraft (excl. Rotorcraft) 
[16];
Engines [12];
Failure [12];
Condition monitoring [11];
Diagnostics [11];
Fault diagnosis [11];
Reliability [11];
Costs / ROI [9];
Modeling [9]

Prognostics and Health 
Management (PHM) [16];
Condition monitoring (CM) 
[11];
fault diagnosis [11];
Health management system 
(HMS) [9];
Aircraft [8];
Engine maintenance [7];
Condition based 
maintenance (CBM) [6];
Maintenance [6];
Reliability [6];
Aircraft maintenance [5];
Failure analysis [5];
Fault detection [5];
Maintainability [5]

2007  - 2011



Condition Based Maintenance October 2012

Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

NASA Ames Research 
Center, Moffett Field, CA, 
United States[43]

Arizona State University, Tempe, AZ, USA 
[3];
GE Global Research, Niskayuna, NY, USA 
[2];
NASA Glenn Research Center, Cleveland, 
OH, USA [2];
ADAPT, Discovery and Systems Health, MS 
[1]

Goebel, K. F. [11];
Saha, S. [8];
Celaya, J.R. [7];
Schwabacher, M. A. 
[7];
Saha, B. [5];
Saxena, A. [5];
Wysocki, P. [5]

Engines [13];
Failure [13];
Space applications [11];
Diagnostics [10];
PHM [10];
Aircraft (excl. Rotorcraft) [9];
Electronics [9];
Sensors [8];
Structures [8];
Condition monitoring [7];
Fault detection [7];
Health and usage monitoring 
[7]

Condition monitoring (CM) 
[7];
Health management system 
(HMS) [7];
fault diagnosis [6];
Launch vehicle [6];
Structural health monitoring 
(SHM) [6];
Fault detection [5];
Health monitoring system 
[5];
Algorithms [4];
Avionics [4];
Cracks [4];
Engine maintenance [4];
Failure [4];
Integrated System Health 
Management (ISHM) [4];
prognostics [4];
Prognostics and Health 
Management (PHM) [4];
remaining life assessment 
[4];
Remaining Useful Life (RUL) 
[4]

2006  - 2011
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Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

Pennsylvania State 
University, University Park, 
PA, USA[41]

Bell Helicopter Textron Inc., Fort Worth, TX, 
United States [2];
FBS, Inc., State College, PA, United States 
[2];
BAE Systems, United States [1]

Rose, J. L. [10];
Reichard, K. [8];
Banks, J. [7];
Gao, H. [4];
Ray, A. [4]

Condition monitoring [20];
Aircraft (excl. Rotorcraft) 
[16];
Structures [15];
SHM [14];
Diagnostics [10];
Sensors [10];
Ultrasonics [10];
CBM [8];
Engines [8];
Inspection & nondestructive 
evaluation [7];

Condition monitoring (CM) 
[20];
Structural health monitoring 
(SHM) [14];
Condition based 
maintenance (CBM) [8];
Sensors [7];
Aircraft [6];
Engine maintenance [6];
Structural engineering [6];
Costs [5];
Maintenance [5];
Military vehicles [5]

2006  - 2011

Georgia Institute of 
Technology, Atlanta, GA, 
United States[40]

Impact Technologies, Rochester, NY, United 
States [2];
Hong Kong Polytechnic University, Kowloon, 
Hong Kong [1];
Intelligent Automation, Inc., Rockville, MD, 
United States [1]

Vachtsevanos, G. J. 
[9];
Michaels, J. E. [6];
Habetler T. G. [5];
Michaels, T. E. [5];
Zhang, B. [5]

Condition monitoring [16];
SHM [14];
Structures [14];
Diagnostics [13];
Aircraft (excl. Rotorcraft) 
[12];
Sensors [12];
Fault diagnosis [11];
Engines [10];
Failure [9];
PHM [9]

Condition monitoring (CM) 
[16];
Structural health monitoring 
(SHM) [13];
fault diagnosis [10];
Condition based 
maintenance (CBM) [8];
Aerospace components [6];
Remaining Useful Life (RUL) 
[6];
Sensors [6];
Structural engineering [6];
Aircraft [5];
Helicopters [5];
Operating condition [5];
particle filtering (numerical 
methods) [5];
vibration [5]

2006  - 2011
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Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

University of California, 
San Diego, CA, United 
States[38]

Los Alamos National Laboratory, Los 
Alamos, NM, USA [6];
Drexel University, Philadelphia, PA, United 
States [2];
State University of New York (SUNY), 
Buffalo, NY, United States [2];
Universita degli Studi di Palermo, Italy [2]

Lanza Di Scalea, F. 
[13];
Bartoli, I. [11];
Farrar, C. R. [10];
Todd, M. D. [9];
Salamone, S. [8]

SHM [30];
Structures [27];
Aircraft (excl. Rotorcraft) 
[17];
Sensors [16];
Condition monitoring [15];
Ultrasonics [13];
Materials [12];
Damage detection [10];
Modeling [10];
Finite element methods 
(FEM) [9];
Piezoelectric devices [9]

Structural health monitoring 
(SHM) [29];
Condition monitoring (CM) 
[15];
Sensors [10];
Structural engineering [9];
Damage detection [8];
Guided electromagnetic 
wave propagation [8];
Aerospace components [7];
Finite element analysis [7];
Health monitoring [7];
Remotely operated vehicles 
[7];
Ultrasonics [7];
Unmanned aerial vehicles 
(UAV) [7]

2006  - 2011
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Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

NASA Glenn Research 
Center, Cleveland, OH, 
USA[36]

U.S. Army Research Laboratory (ARL), 
Cleveland, OH, United States [3];
U.S. Army, Redstone Arsenal, AL, United 
States [3];
NASA Ames Research Center, Moffett Field, 
CA, United States [2];
Alliant Techsystems, Inc., Hampton, VA, 
United States [1]

Dempsey, P. J. [9];
Simon, D. L. [7];
Abdul-Aziz, A. [5];
Woike, M. R. [5];
Baaklini, G. Y. [4];
Briggs, J. L. [4];
Lekki, J. D. [4];
Reveley, M. S. [4];
Wade, D. R. [4]

Aircraft (excl. Rotorcraft) 
[21];
Engines [16];
Rotorcraft [13];
Accidents / safety [11];
Health and usage monitoring 
[11];
Propulsion systems [9];
Cracks [8];
Failure [8];
Structures [8];
Diagnostics [7];
Fault detection [7]

Aeronautics and 
Aerodynamics--Aircraft [8];
Aircraft engines [7];
Structural health monitoring 
(SHM) [7];
Condition monitoring (CM) 
[5];
Fault detection [5];
Health monitoring [5];
Helicopters [5];
Maintenance [5];
Turbines [5];
Aircraft [4];
Condition based 
maintenance (CBM) [4];
Condition indicators [4];
Disks (structural 
components) [4];
Flight safety [4];
Health monitoring system 
[4];
NASA [4];
Nondestructive testing (NDT) 
[4];
Rotors [4];
Sensors [4]

2006  - 2011
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Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

Northwestern 
Polytechnical University, 
Xi'an, China[36]

Wan, F. [7];
Song, BiFeng [6];
Wang, Z. [3];
Feng, YunWen [2];
Guo, Yang ming [2];
Mingming Sun [2];
Shen, T. [2];
Wang, H. [2];
Wang, Haifeng [2];
Wang, Z. S. [2];
Wu, Y. [2];
Xuan JianLin [2];
Yu, Z. [2];
Zhai, Zhengjun [2];
Zhang, Bao zhen [2];
Zimin Yang [2]

Aircraft (excl. Rotorcraft) 
[23];
Condition monitoring [18];
Accidents / safety [14];
Diagnostics [13];
Fault diagnosis [12];
Structures [12];
Sensors [10];
Failure [9];
SHM [8];
Simulation [8]

Condition monitoring (CM) 
[18];
Aircraft [12];
fault diagnosis [12];
Health management system 
(HMS) [7];
Health monitoring [7];
Prognostics and Health 
Management (PHM) [7];
Structural health monitoring 
(SHM) [7];
Aircraft maintenance [6];
Failure analysis [6];
Fault detection [5];
Finite element analysis [5];
Space vehicles [5]

2006  - 2011
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Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

University of Michigan, 
Ann Arbor, MI, United 
States[34]

Scripps Institute of Oceanography, San 
Diego, CA, United States [1];
Shimizu Corporation, Tokyo, Japan [1];
U.S. Air Force Research Laboratory (AFRL), 
Kirtland AFB, NM, United States [1];
University of California, Davis, CA, United 
States [1]

Lynch, J. P. [12];
Ni, J. [4];
Cesnik, C.E.S. [3];
Hou, T.-C. [3];
Junhee Kim [3];
Li, L. [3];
Najafi K [3];
Zimmerman, A. T. [3]

Structures [17];
SHM [14];
Sensors [13];
Condition monitoring [12];
Wireless systems [12];
Sensor networks [10];
Civil structures / Bridges [9];
CBM [6];
Materials [6];
Modeling [6];

Structural health monitoring 
(SHM) [12];
Condition monitoring (CM) 
[11];
Wireless sensor networks 
(WSN) [10];
bridges (structures) [6];
Condition based 
maintenance (CBM) [6];
Sensors [6];
Structural engineering [6];
Monitoring and control [4];
vibration [4];
Automation [3];
Damage detection [3];
Decision making [3];
energy harvesting [3];
Guided wave propagation 
[3];
Maintainability [3];
Maintenance policy [3];
Space vehicles [3];
Wireless sensors [3]

2006  - 2011
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Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

University of Sheffield, 
United Kingdom[34]

University of Sheffield, United Kingdom [34];
Cardiff University, Cardiff, Wales, United 
Kingdom [2];
Los Alamos National Laboratory, Los 
Alamos, NM, USA [2];
University of Central Lancashire, Preston, 
United Kingdom [2];
European Aeronautic Defence and Space 
Company (EADS), Munich, Germany [1]

Worden, K. [18];
Manson, G. [11];
Boller, C. [7];
Barthorpe, R. J. [6];
Staszewski, W. J. [5]

SHM [28];
Aircraft (excl. Rotorcraft) 
[26];
Structures [26];
Condition monitoring [17];
Damage detection [15];
Materials [11];
Fatigue [9];
Inspection & nondestructive 
evaluation [8];
Ultrasonics [8];
Artificial intelligence [6];
Manufacturing / production 
[6]

Structural health monitoring 
(SHM) [28];
Aircraft [17];
Condition monitoring (CM) 
[17];
Damage detection [13];
Structures (built objects) 
[11];
Aerospace components [7];
Aircraft manufacture [6];
Aircraft wing [6];
Airframes [6];
Structural engineering [6]

2006  - 2011

Beijing University of 
Aeronautics and 
Astronautics (BUAA), 
Beijing, China[31]

Beijing University of Aeronautics and 
Astronautics (BUAA), Beijing, China [31];
Beihang University, Beijing, China [1];
Naval Aeronautical Engineering Institute, 
Yantai, China [1];
Shaanxi Normal University, Xi'an, China [1];
Shenyang Aircraft Design Institute, 
Shenyang, China [1]

Kang, R. [5];
Zhang, L. [4];
Zhao, T. [3];
Han L. [2];
Hong J. [2];
Hong, L. [2];
Li, X. [2];
Ma Qishuang [2];
Sun, B. [2];
Wang, Shaoping [2];
Wang, Xiaoyun [2];
Xie Jin song [2];
Yu, Jinsong [2];
Yuan, Haiwen [2];
Zhang Ping [2];
Zhang, S. [2]

PHM [16];
Aircraft (excl. Rotorcraft) 
[14];
Condition monitoring [14];
Diagnostics [12];
Engines [11];
Fault diagnosis [9];
Reliability [9];
CBM [6];
Failure [5];
Modeling [5];

Condition monitoring (CM) 
[14];
fault diagnosis [9];
Health management system 
(HMS) [9];
Engine maintenance [8];
Prognostics and Health 
Management (PHM) [8];
Aircraft [7];
Condition based 
maintenance (CBM) [6];
prognostics [6];
Reliability [5];
decision support systems 
(DSS) [4];
Failure analysis [4];
Fault prognostics [4]

2006  - 2011
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Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

University of Tokyo, 
Japan[31]

RIMCOF, Tokyo, Japan [6];
Mitsubishi Electric Corp., Japan [5];
University of Illinois at Urbana-Champaign, 
Urbana, IL, United States [4];
Fuji Heavy Industries Ltd., Tochigi, Japan 
[2];
Texas Tech University, Lubbock, TX, United 
States [2]

Takeda, N. [18];
Okabe, Y. [5];
Hotate, K. [4];
Minakuchi, S. [4];
Nagayama, T. [4];
Ozaki, T. [4];
Spencer Jr., B. F. [4]

Structures [28];
Sensors [26];
SHM [24];
Aircraft (excl. Rotorcraft) 
[17];
FBG sensors [14];
Fiber optics [14];
Materials [12];
Strain [12];
Damage detection [11];
Condition monitoring [10];
Civil structures / Bridges [6]

Structural health monitoring 
(SHM) [24];
Fiber Bragg Grating (FBG) 
[12];
Fiber optic sensors [11];
Sensors [11];
Aircraft [10];
Condition monitoring (CM) 
[10];
Damage detection [10];
Composite materials [9];
FBG sensors [9];
Fiber optics [8]

2006  - 2011

Shanghai Jiaotong 
University, Shanghai, 
China[30]

U.S. Army, Redstone Arsenal, AL, United 
States [1];
University of Illinois at Chicago, IL, USA [1]

Dong Ming [8];
Meng G. [4];
Peng, Y. [4];
Chen, J. [3];
Ming Yi You [3];
Xi L. [3]

CBM [26];
Condition monitoring [16];
Engines [14];
Diagnostics [11];
Decision support [9];
Modeling [9];
Prediction (general) [9];
Algorithms [8];
Fault diagnosis [8];
PHM [8]

Condition based 
maintenance (CBM) [25];
Condition monitoring (CM) 
[16];
Engine maintenance [14];
Decision making [8];
fault diagnosis [7];
Hidden Markov models [6];
Reliability [5];
Hydraulic pump [4];
machine bearings [4];
Pumps [4]

2006  - 2011
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Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

NASA Langley Research 
Center, Hampton, VA, 
United States[28]

Alliant Techsystems, Inc., Hampton, VA, 
United States [1];
Arizona State University, Tempe, AZ, USA 
[1];
Dongguk University-Seoul, South Korea [1]

Winfree, W. P. [4];
Wu, M. C. [4];
Allison, S. G. [2];
Atkinson GM [2];
Cox, D. E. [2];
Cunningham, K. [2];
Mielnik, J. J. [2];
Morelli E. A. [2];
Murch, A. M. [2];
Ross, R. W. [2];
Wilson WC [2]

Aircraft (excl. Rotorcraft) 
[12];
Sensors [12];
Accidents / safety [9];
SHM [9];
Structures [8];
Electronics [7];
Health and usage monitoring 
[7];
Materials [6];
Failure [5];
IVHM [5];
IVHM [5];
Modeling [5]

Structural health monitoring 
(SHM) [9];
Health monitoring system 
[6];
Avionics [5];
integrated vehicle health 
management (IVHM) [5];
Aerospace vehicles [4];
Bragg gratings [4];
Composite materials [4];
Delamination [4];
Fiber optics [4];
Temperature sensors [4];
Thermography [4]

2006  - 2011

University of South 
Carolina, Columbia, SC, 
USA[28]

Republic of Korea Army, Seoul, South Korea 
[1];
U.S. Air Force Office of Scientific Research, 
Arlington, VA, USA [1];
U.S. Army Materiel Systems Analysis Activity 
(AMSAA), Aberdeen Proving Ground, MD, 
USA [1];
University of Texas at Arlington, TX, United 
States [1]

Giurgiutiu, V. [15];
Bayoumi, A.-M. E. [9];
Goodman, N. [9];
Lingyu Yu [8];
Shah, R. [5];
Yong, June Shin [5];
Ziehl, P.H. [5]

SHM [18];
Condition monitoring [15];
Piezoelectric devices [15];
Sensors [15];
Structures [14];
Ultrasonics [11];
Aircraft (excl. Rotorcraft) [9];
Civil structures / Bridges [7];
Cracks [7];
Inspection & nondestructive 
evaluation [7]

Structural health monitoring 
(SHM) [18];
Condition monitoring (CM) 
[15];
Maintenance [7];
Piezoelectric wafer active 
sensors [7];
Acoustic emissions (AE) [6];
Lamb waves [6];
Nondestructive testing (NDT) 
[6];
Aircraft [5];
bridges (structures) [5];
Piezoelectric (PZT) [5];
Piezoelectric devices [5];
Structural engineering [5]

2006  - 2011
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Organization Name Co-Authoring Organizations Top Authors Top Subject Groups Top Keywords Publication 
Years

Dalian University of 
Technology, Dalian, 
China[27]

Harbin Institute of Technology, China [13];
Missouri University of Science and 
Technology, Rolla, MO, United States [2];
Tongji University, Shanghai, China [2];
Dalian University, Dalian, China [1]

Ou, J. P. [16];
Li Hongru [6];
Yu, Y. [5];
Li, Hong Nan [4];
Zhao, X. [4]

Structures [21];
SHM [18];
Sensors [14];
Civil structures / Bridges 
[13];
Strain [8];
Condition monitoring [7];
FBG sensors [7];
Fiber optics [7];
Damage detection [5];
Health and usage monitoring 
[5]

Structural health monitoring 
(SHM) [18];
Monitoring and control [10];
bridges (structures) [7];
Condition monitoring (CM) 
[7];
Fiber Bragg Grating (FBG) 
[6];
Fiber optic sensors [6];
Damage detection [5];
Sensors [5];
Structural engineering [5];
Offshore structures [4];
PVDF [4]

2006  - 2011
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Table 6. Major Players – Canadian 

Organization Name Co-authoring Organizations Top Authors Top Keywords Top Subject Groups Publication 
Years

University of Toronto, ON, 
Canada[21]

Jardine, A. K. S. [10];
Makis V. [9];
Banjevic, D. [8];
Lin, D. [3];
Jiang, R. [2];
Jianmou Wu [2];
Montgomery, N. [2];
Wong, E. L. [2];
Yin Z. [2];
Zuashkiani A [2]

Condition based 
maintenance (CBM) [15];
Condition monitoring (CM) 
[10];
Engine maintenance [8];
Optimization [5];
Bayesian methods [4];
Proportional hazard model 
[4];
Control charts [3];
Covariates [3];
Decision making [3];
Hazards [3];
Maintenance cost [3];
Potential benefits [3];
vibration [3]

CBM [19];
Condition monitoring [11];
Failure [9];
Engines [8];
Decision support [6];
Modeling [5];
Costs / ROI [4];
Maintenance policies [4];
Oil / lubrication [4];
Vibration [4]

2006  - 2011

Defence R&D Canada 
(DRDC), Ottawa, ON, 
Canada[16]

National Research Council Canada, Ottawa, 
ON, Canada [6];
National Research Council Canada, 
Boucherville, QC, Canada [5];
McGill University, Montreal, QC, Canada [3];
Department of National Defence (DND), 
Ottawa, ON, Canada [2];
University of Ottawa, ON, Canada [2]

Mrad, Nezih [16];
Jen, C.-K. [5];
Kobayashi, M. [5];
Xiao, G. Z. [4];
Wu, K.-T. [3]

Condition monitoring (CM) 
[8];
Structural health monitoring 
(SHM) [8];
Ultrasonic transducers [6];
Aircraft [5];
Structural engineering [5];
Aerospace components [4];
Aircraft maintenance [4];
Damage detection [4];
Nondestructive testing (NDT) 
[4];
Sensors [4];
Sol-gel spray technique [4]

Aircraft (excl. Rotorcraft) 
[12];
Sensors [10];
Structures [10];
SHM [9];
Condition monitoring [8];
FBG sensors [6];
Fiber optics [6];
Ultrasonics [6];
Inspection & nondestructive 
evaluation [5];
Materials [5];

2006  - 2011
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Organization Name Co-authoring Organizations Top Authors Top Keywords Top Subject Groups Publication 
Years

National Research Council 
Canada, Ottawa, ON, 
Canada[14]

Defence R&D Canada (DRDC), Ottawa, ON, 
Canada [6];
University of Ottawa, ON, Canada [3]

Mrad, Nezih [6];
Letourneau S. [4];
Martinez, M. [3];
Xiao, G. Z. [3];
Yang, Chunsheng [3]

Aircraft [6];
Condition monitoring (CM) 
[4];
Structural health monitoring 
(SHM) [4];
Aerospace components [3];
Fiber Bragg Grating (FBG) 
[3];
Prognostic model [3];
Prognostics and Health 
Management (PHM) [3];
Sensors [3];
Costs [2];
Damage detection [2];
Data mining [2];
Decision making [2];
Evaluation models [2];
Fatigue loadings [2];
Fatigue testing [2];
Fiber optics [2];
Gas turbines [2];
Health management system 
(HMS) [2];
Nondestructive testing (NDT) 
[2];
Stress concentration [2]

Aircraft (excl. Rotorcraft) [8];
Sensors [5];
Algorithms [4];
Condition monitoring [4];
Inspection & nondestructive 
evaluation [4];
PHM [4];
SHM [4];
Engines [3];
Fatigue [3];
FBG sensors [3];
Fiber optics [3];
Modeling [3]

2006  - 2011
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Organization Name Co-authoring Organizations Top Authors Top Keywords Top Subject Groups Publication 
Years

Concordia University, 
Montreal, QC, Canada[12]

Tian, Zhigang [7];
Barua, A. [4];
Khorasani, K. [4];
Jin, T. [3];
Zuo MJ [2]

Condition monitoring (CM) 
[10];
Condition based 
maintenance (CBM) [6];
Engine maintenance [5];
Artificial neural network 
(ANNs) [3];
Maintenance cost [3];
Monitoring and control 
systems [3];
Multiple components [3];
Neural networks [3];
Satellites formation [3];
Simulation [3];
Telemetry data [3];
Turbine components [3];
Wind power generation 
systems [3];
Wind turbines [3]

Condition monitoring [10];
Artificial intelligence [7];
CBM [6];
Engines [6];
Costs / ROI [5];
Failure [4];
Decision support [3];
Diagnostics [3];
Fault diagnosis [3];
Prediction (general) [3];
Satellites [3];
Simulation [3];
Space applications [3]

2007  - 2011

Ecole Polytechnique de 
Montreal, QC, Canada[10]

Yacout S. [10];
Ghasemi, A. [6];
Ouali M. -S. [6]

Condition based 
maintenance (CBM) [10];
Engine maintenance [6];
Condition monitoring (CM) 
[5];
Hidden Markov models [5];
Bayes rule [4];
Proportional hazard model 
[4];
Bayesian methods [3];
Dynamic programming [3];
fault diagnosis [3];
Logical analysis of data [3];
Probability [3]

CBM [10];
Modeling [7];
Condition monitoring [6];
Engines [6];
Failure [5];
Degradation [4];
Diagnostics [3];
Fault diagnosis [3];
Maintenance policies [3];
Reliability [3]

2007  - 2011
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Organization Name Co-authoring Organizations Top Authors Top Keywords Top Subject Groups Publication 
Years

McGill University, 
Montreal, QC, Canada[7]

Defence R&D Canada (DRDC), Ottawa, ON, 
Canada [3];
National Research Council Canada, 
Boucherville, QC, Canada [3]

Jen, C.-K. [3];
Kobayashi, M. [3];
Mrad, Nezih [3];
Liu, W.-L. [2];
Mateescu, D. [2];
Misra, A. [2];
Wu, K.-T. [2]

Sensors [4];
Structural health monitoring 
(SHM) [4];
Aircraft [3];
Flexible ultrasonic 
transducer [3];
Sol-gel spray technique [3];
Ultrasonic transducers [3];
Aircraft detection [2];
Condition monitoring (CM) 
[2];
Couplants [2];
Crack detection [2];
Curved surfaces [2];
Damage detection [2];
Detection capability [2];
Flexible ultrasonic 
transducer array [2];
Monitoring and control [2];
Nondestructive examination 
[2];
piezoelectric sensors [2];
Pulse echoes [2];
Room temperature (RT) [2];
Structural engineering [2];
Titanium [2];
Transducers [2];
Ultrasonics [2]

Aircraft (excl. Rotorcraft) [5];
Structures [5];
Materials [4];
Piezoelectric devices [4];
Sensors [4];
SHM [4];
Ultrasonics [3];
Condition monitoring [2];
Cracks [2];
Damage detection [2];
Finite element methods 
(FEM) [2];
Inspection & nondestructive 
evaluation [2];
Manufacturing / production 
[2]

2007  - 2011
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Organization Name Co-authoring Organizations Top Authors Top Keywords Top Subject Groups Publication 
Years

University of Alberta, 
Edmonton, AB, Canada[7]

Zuo MJ [2] Condition based 
maintenance (CBM) [2];
Condition monitoring (CM) 
[2];
Genetic algorithms [2];
Markov processes [2];
optimization model [2];
Structural health monitoring 
(SHM) [2]

Algorithms [3];
Artificial intelligence [3];
CBM [3];
Condition monitoring [2];
Diagnostics [2];
Reliability [2];
SHM [2];
Structures [2];

2008  - 2011

University of Ottawa, ON, 
Canada[7]

National Research Council Canada, Ottawa, 
ON, Canada [3];
Defence R&D Canada (DRDC), Ottawa, ON, 
Canada [2]

Guo, H. [2];
Nayak, A. [2];
Xiao, G. Z. [2]

Structural health monitoring 
(SHM) [6];
Damage detection [2];
Fiber Bragg Grating (FBG) 
[2];
Fiber optics [2];
Sensors [2]

SHM [6];
FBG sensors [3];
Fiber optics [3];
Sensors [3];
Aircraft (excl. Rotorcraft) [2];
Damage detection [2];

2006  - 2011

Ecole de Technologie 
Supérieure, Montreal, QC, 
Canada[6]

David E [4];
Godin T [3];
Bellemare J [2];
Lamarre L [2];
Nair A [2]

Condition based 
maintenance (CBM) [4];
machine insulation [4];
machine testing [4];
Diagnostic testing [3];
leakage currents [3];
Stators [3];
Ageing [2];
DC ramp test [2];
Insulation testing [2];
polarization-depolarization 
test [2];
ramped voltage test [2];
stator insulation system [2]

CBM [4];
Diagnostics [3];
Machinery [3];
Engines [2];

2006  - 2010
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Organization Name Co-authoring Organizations Top Authors Top Keywords Top Subject Groups Publication 
Years

National Research Council 
Canada, Boucherville, QC, 
Canada[6]

Defence R&D Canada (DRDC), Ottawa, ON, 
Canada [5];
McGill University, Montreal, QC, Canada [3]

Jen, C.-K. [6];
Kobayashi, M. [6];
Mrad, Nezih [5];
Wu, K.-T. [3];
Liu, W.-L. [2]

Ultrasonic transducers [5];
Sensors [4];
Sol-gel spray technique [4];
Structural health monitoring 
(SHM) [4];
Condition monitoring (CM) 
[3];
Damage detection [3];
Flexible ultrasonic 
transducer [3];
Health monitoring [3];
Nondestructive testing (NDT) 
[3];
sol-gel processing [3];
Structural engineering [3]

Structures [6];
Materials [5];
Ultrasonics [5];
Aircraft (excl. Rotorcraft) [4];
Piezoelectric devices [4];
Sensors [4];
SHM [4];
Condition monitoring [3];
Damage detection [3];
Health and usage monitoring 
[3];

2006  - 2011

University of Manitoba, 
Winnipeg, MB, Canada[6]

McNeill, D. K. [2];
Thomson, D. J. [2]

Condition monitoring (CM) 
[5];
Structural health monitoring 
(SHM) [4];
Neural networks [2];
Structural analysis [2];
Structural engineering [2]

Condition monitoring [5];
SHM [4];
Structures [4];
Artificial intelligence [2];
Sensors [2];

2006  - 2008

University of Waterloo, 
ON, Canada[6]

Condition monitoring (CM) 
[3];
Condition based 
maintenance (CBM) [2];
Structural engineering [2]

Condition monitoring [3];
Costs / ROI [3];
CBM [2];
Structures [2];

2008  - 2011
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Organization Name Co-authoring Organizations Top Authors Top Keywords Top Subject Groups Publication 
Years

Dalhousie University, 
Halifax, NS, Canada[5]

Newhook, J. [4] Structural engineering [4];
bridges (structures) [3];
Condition monitoring (CM) 
[3];
Structural health monitoring 
(SHM) [3];
Concrete [2];
Cracks [2];
Fatigue testing [2];
Management systems [2];
Sensors [2];
slabs [2]

Civil structures / Bridges [5];
Structures [5];
Condition monitoring [3];
Sensors [3];
SHM [3];
Cracks [2];
Fatigue [2];
Ground vehicles [2];
Inspection & nondestructive 
evaluation [2];
Materials [2]

2006  - 2010
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Table 7. Top Authors - International 

Author Affiliation Co-Authors Top Keywords Top Subject Groups Publication 
Years

Pecht, M.[45] University of Maryland, College Park, MD, 
USA [26];

Pecht, M. [45];
Gu, J. [7];
Das, D. [5];
Kang, R. [5];
Niu, G. [5]

Prognostics and Health 
Management (PHM) [22];
Condition monitoring (CM) 
[17];
Health management system 
(HMS) [17];
Reliability [16];
Failure analysis [11];
prognostics [11];
Electronic product [10];
Engine maintenance [8];
Health monitoring [7];
Condition based maintenance 
(CBM) [6];
Effects analysis [6]

PHM [39];
Reliability [25];
Failure [23];
Condition monitoring [17];
Electronics [11];
Costs / ROI [9];
Engines [9];
Life cycle [9];
Diagnostics [8];
Health and usage monitoring 
[7];
Prediction (general) [7]

2006  - 2011

Goebel, K. F.[35] NASA Ames Research Center, Moffett Field, 
CA, United States [11];

Goebel, K. F. [35];
Saha, B. [10];
Saha, S. [8];
Saxena, A. [7];
Celaya, J.R. [6]

Condition monitoring (CM) 
[12];
Engine maintenance [9];
particle filtering (numerical 
methods) [9];
Prognostics and Health 
Management (PHM) [9];
Remaining Useful Life (RUL) 
[9];
Condition based maintenance 
(CBM) [7];
prognostics [7];
Bayesian methods [6];
Health management system 
(HMS) [6];
remaining life assessment [6]

PHM [24];
Engines [14];
Condition monitoring [12];
RUL [12];
Algorithms [11];
Failure [11];
Electronics [9];
Aircraft (excl. Rotorcraft) [8];
CBM [8];
Diagnostics [7]

2006  - 2011
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Author Affiliation Co-Authors Top Keywords Top Subject Groups Publication 
Years

Takeda, N.[25] University of Tokyo, Japan [18]; Takeda, N. [25];
Okabe, Y. [7];
Ozaki, T. [6];
Tajima, N. [6];
Takeya, H. [5]

Structural health monitoring 
(SHM) [18];
Fiber optic sensors [14];
Aircraft [13];
FBG sensors [12];
Condition monitoring (CM) 
[11];
Damage detection [11];
Fiber Bragg Grating (FBG) 
[11];
Bragg gratings [10];
Composite materials [9];
Fiber optics [9]

Sensors [24];
Structures [24];
Aircraft (excl. Rotorcraft) 
[19];
FBG sensors [19];
Fiber optics [19];
SHM [18];
Damage detection [13];
Condition monitoring [11];
Materials [11];
Strain [10];
Strain [6]

2006  - 2011

Ou, J. P.[24] Harbin Institute of Technology, China [21]; Ou, J. P. [24];
Li Hongru [6];
Yu, Y. [6];
Zhao, X. [4];
Wang, Y. [3];
Zhou, Z. [3]

Structural health monitoring 
(SHM) [16];
Monitoring and control [11];
Condition monitoring (CM) [7];
Fiber Bragg Grating (FBG) [6];
bridges (structures) [5];
Sensors [5];
Civil infrastructure [4];
Damage detection [4];
Fiber optic sensors [4];
Fiber optics [4];
PVDF [4]

Structures [22];
SHM [16];
Civil structures / Bridges 
[13];
Sensors [12];
Strain [8];
Condition monitoring [7];
FBG sensors [6];
Fiber optics [6];
Wireless systems [5];
Corrosion [4];
Damage detection [4];
Fatigue [4]

2006  - 2011
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Author Affiliation Co-Authors Top Keywords Top Subject Groups Publication 
Years

Adams, D.[23] Purdue University, West Lafayette, IN, USA 
[17];

Adams, D. [23];
Yoder, N. C. [5];
White JR [4];
Jata, K. V. [3];
Johnson, T. J. [3];
Mahulkar, V. V. [3]

Health monitoring [8];
Structural health monitoring 
(SHM) [8];
Condition monitoring (CM) [7];
Condition based maintenance 
(CBM) [6];
Damage detection [5];
Frequency response [5];
vibration [5];
Military vehicles [4];
Accelerometers [3];
Aircraft [3];
Computer simulation [3];
Crack detection [3];
Damage identification [3];
impact (mechanical) [3];
Mathematical models [3];
Mechanical damages [3];
Monitoring and control [3];
Nondestructive evaluation 
(NDE) [3];
Vehicles [3]

Structures [12];
Modeling [11];
SHM [9];
Health and usage monitoring 
[8];
Vibration [8];
Condition monitoring [7];
Damage detection [7];
Ground vehicles [7];
Impact damage [7];
CBM [6];
Cracks [6];
Military applications [6]

2006  - 2011
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Author Affiliation Co-Authors Top Keywords Top Subject Groups Publication 
Years

Bechhoefer, E.[22] Goodrich Corporation, Vergennes, VT, United 
States [14];

Bechhoefer, E. [22];
He, D. [14];
Bernhard, A.P.F. 
[4];
Li, R. [3];
Mayhew, E. [3];
Wu, S. [3]

Health and Usage Monitoring 
Systems (HUMS) [11];
Condition monitoring (CM) [9];
Helicopters [7];
Structural health monitoring 
(SHM) [7];
Aircraft [6];
Condition indicators [6];
vibration [6];
Vibration data [5];
Remaining Useful Life (RUL) 
[4];
Aircraft maintenance [3];
Condition based maintenance 
(CBM) [3];
Flight critical components [3];
Health monitoring [3]

Health and usage monitoring 
[15];
Vibration [15];
HUMS [13];
Aircraft (excl. Rotorcraft) 
[10];
Condition monitoring [9];
Rotorcraft [7];
SHM [7];
Accidents / safety [5];
Diagnostics [5];
Algorithms [4];
PHM [4];
Prediction (general) [4]

2006  - 2011

Roemer, M. J.[22] Impact Technologies, Rochester, NY, United 
States [22]

Roemer, M. J. [22];
Kalgren, P. W. [10];
Byington, C. S. [6];
Ginart, A. E. [6];
Brown, D. [4]

Prognostics and Health 
Management (PHM) [8];
Condition monitoring (CM) [5];
Power drives [4];
prognostics [4];
Software [4];
Actuators [3];
Condition based maintenance 
(CBM) [3];
Electric machines [3];
Electronic prognostics [3];
Failure analysis [3];
Health management system 
(HMS) [3];
Sensors [3];
signal processing [3];
Testing [3]

PHM [12];
Diagnostics [7];
Electronics [6];
Engines [6];
Condition monitoring [5];
Failure [5];
Health and usage monitoring 
[5];
Modeling [5];
Algorithms [4];
Machinery [4]

2006  - 2010
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Author Affiliation Co-Authors Top Keywords Top Subject Groups Publication 
Years

Byington, C. S.[21] Impact Technologies, Rochester, NY, United 
States [13];

Byington, C. S. [21];
Watson, M. J. [7];
Roemer, M. J. [6];
Kalgren, P. W. [5];
Smith MJ [3];
Vachtsevanos, G. J. 
[3]

Condition monitoring (CM) [8];
Aircraft maintenance [7];
Prognostics and Health 
Management (PHM) [7];
Health management system 
(HMS) [6];
Engine maintenance [5];
fault diagnosis [5];
Health monitoring [5];
Condition based maintenance 
(CBM) [4];
prognostics [4];
Remaining Useful Life (RUL) 
[4]

PHM [15];
Aircraft (excl. Rotorcraft) 
[13];
Engines [12];
Condition monitoring [8];
Diagnostics [8];
Failure [5];
Fault diagnosis [5];
Health and usage monitoring 
[5];
RUL [5];
Vibration [5]

2006  - 2011

Vachtsevanos, G. J.[21] Georgia Institute of Technology, Atlanta, GA, 
United States [9];

Vachtsevanos, G. J. 
[21];
Orchard M. [8];
Patrick, R. [8];
Zhang, B. [8];
Kacprzynski, G. J. 
[6]

fault diagnosis [13];
Condition monitoring (CM) [8];
particle filtering (numerical 
methods) [7];
Condition based maintenance 
(CBM) [6];
Aircraft [5];
Bayesian methods [5];
Engine maintenance [5];
Feature extraction [5];
Helicopters [5];
Remaining Useful Life (RUL) 
[5]

Diagnostics [15];
Fault diagnosis [14];
PHM [12];
Aircraft (excl. Rotorcraft) [8];
Condition monitoring [8];
Failure [8];
CBM [7];
Data processing [6];
Engines [6];
Rotorcraft [5];

2006  - 2011
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Years

Worden, K.[21] University of Sheffield, United Kingdom [18]; Worden, K. [21];
Manson, G. [10];
Barthorpe, R. J. [5];
Farrar, C. R. [4];
Hensman, J. [3];
Papatheou, E. [3];
Pierce, S. G. [3];
Staszewski, W. J. 
[3]

Structural health monitoring 
(SHM) [18];
Condition monitoring (CM) 
[11];
Damage detection [10];
Aircraft [8];
Aerospace components [7];
Aircraft wing [6];
Structures (built objects) [6];
Feature extraction [5];
Damage location [4];
Feature selection [4];
Training data [4]

SHM [18];
Structures [17];
Aircraft (excl. Rotorcraft) 
[15];
Condition monitoring [11];
Damage detection [10];
Artificial intelligence [5];
Materials [5];
Fatigue [4];
Inspection & nondestructive 
evaluation [4];
Ultrasonics [4]

2007  - 2011

Farrar, C. R.[19] Los Alamos National Laboratory, Los Alamos, 
NM, USA [10];

Farrar, C. R. [19];
Park, G. [12];
Todd, M. D. [8];
Kosmatka, J. B. [5];
Oliver, J. A. [4];
Worden, K. [4]

Structural health monitoring 
(SHM) [15];
Condition monitoring (CM) [7];
Finite element analysis [6];
Remotely operated vehicles 
[6];
Aerospace components [5];
Feature extraction [5];
Sensors [5];
Structural engineering [5];
Unmanned aerial vehicles 
(UAV) [5];
Damage detection [4];
Finite element (FE) modeling 
[4];
Monitoring and control [4]

SHM [16];
Structures [14];
Sensors [9];
Condition monitoring [7];
Remotely operated vehicles 
[7];
Aircraft (excl. Rotorcraft) [6];
Damage detection [6];
Finite element methods 
(FEM) [6];
Modeling [6];
Communication systems [4];
Materials [4]

2006  - 2011
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Giurgiutiu, V.[18] University of South Carolina, Columbia, SC, 
USA [15];

Giurgiutiu, V. [18];
Lingyu Yu [8];
Lin, B. [3];
Xu, B. [3];
Ziehl, P.H. [3]

Structural health monitoring 
(SHM) [16];
Condition monitoring (CM) 
[10];
Piezoelectric wafer active 
sensors [7];
Lamb waves [6];
Structural engineering [6];
Acoustic emissions (AE) [5];
Damage detection [5];
Nondestructive evaluation 
(NDE) [5];
Piezoelectric devices [5];
bridges (structures) [4];
Corrosion [4];
Cracks [4];
Nondestructive testing (NDT) 
[4];
Piezoelectric (PZT) [4];
Piezoelectric wafer active 
sensors (PWAS) [4]

SHM [16];
Sensors [15];
Structures [14];
Piezoelectric devices [13];
Condition monitoring [10];
Ultrasonics [8];
Damage detection [7];
Inspection & nondestructive 
evaluation [7];
Cracks [6];
Materials [6]

2006  - 2011
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Author Affiliation Co-Authors Top Keywords Top Subject Groups Publication 
Years

Inman, D. J.[18] Virginia Polytechnic Institute and State 
University, Blacksburg, VA, USA [14];

Inman, D. J. [18];
Park, S. [6];
Yun, C.-B. [5];
Dong, Sam Ha [4];
Grisso BL [3]

Structural health monitoring 
(SHM) [14];
Condition monitoring (CM) [9];
Damage detection [7];
Piezoelectric (PZT) [5];
Sensors [5];
Cracks [4];
piezoelectric sensors [4];
Piezoelectric transducers [4];
Corrosion [3];
Electric impedance [3];
Inspection [3];
Piezoelectric devices [3];
Structural engineering [3];
Structures (built objects) [3]

SHM [17];
Structures [15];
Condition monitoring [9];
Damage detection [9];
Sensors [9];
Materials [6];
Piezoelectric devices [6];
Cracks [5];
Wireless systems [5];
Aircraft (excl. Rotorcraft) [4];
Corrosion [4]

2006  - 2011
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Table 8. Top Canadian Authors 

Author Name Affiliation Top Co-Authors Top Subject Terms Top Subject Groups Publication  
Years

Mrad, Nezih[16] Defence R&D Canada (DRDC), Ottawa, ON, 
Canada [16];

Mrad, Nezih [16];
Jen, C.-K. [5];
Kobayashi, M. [5];
Xiao, G. Z. [4];
Wu, K.-T. [3]

Condition monitoring (CM) [8];
Structural health monitoring 
(SHM) [8];
Ultrasonic transducers [6];
Aircraft [5];
Structural engineering [5];
Aerospace components [4];
Aircraft maintenance [4];
Damage detection [4];
Nondestructive testing (NDT) 
[4];
Sensors [4];
Sol-gel spray technique [4]

Aircraft (excl. Rotorcraft) [12];
Sensors [10];
Structures [10];
SHM [9];
Condition monitoring [8];
FBG sensors [6];
Fiber optics [6];
Ultrasonics [6];
Inspection & nondestructive 
evaluation [5];
Materials [5];

2006  - 2011
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Author Name Affiliation Top Co-Authors Top Subject Terms Top Subject Groups Publication  
Years

Jardine, A. K. S.[10] University of Toronto, ON, Canada [10] Jardine, A. K. S. 
[10];
Banjevic, D. [8];
Lin, D. [2];
Zuashkiani A [2]

Condition based maintenance 
(CBM) [7];
Condition monitoring (CM) [5];
Engine maintenance [5];
Decision making [3];
Optimization [3];
Proportional hazard model [3];
Bayes rule [2];
Bayesian methods [2];
condition based maintenance 
optimization [2];
Condition indicators [2];
Covariates [2];
Failure analysis [2];
Hazards [2];
knowledge elicitation process 
[2];
Potential benefits [2];
Power transformer [2];
Remaining Useful Life (RUL) 
[2];
time dependent covariates [2];
vibration [2]

CBM [9];
Failure [6];
Condition monitoring [5];
Engines [5];
Decision support [3];
PHM [3];
Vibration [3];
Accidents / safety [2];
Data processing [2];
Machinery [2];
Machinery [2];
Oil / lubrication [2];
Prediction (general) [2]

2006  - 2011
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Author Name Affiliation Top Co-Authors Top Subject Terms Top Subject Groups Publication  
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Yacout S.[10] Ecole Polytechnique de Montreal, QC, Canada 
[10]

Yacout S. [10];
Ghasemi, A. [6];
Ouali M. -S. [6]

Condition based maintenance 
(CBM) [10];
Engine maintenance [6];
Condition monitoring (CM) [5];
Hidden Markov models [5];
Bayes rule [4];
Proportional hazard model [4];
Bayesian methods [3];
Dynamic programming [3];
fault diagnosis [3];
Logical analysis of data [3];
Probability [3]

CBM [10];
Modeling [7];
Condition monitoring [6];
Engines [6];
Failure [5];
Degradation [4];
Diagnostics [3];
Fault diagnosis [3];
Maintenance policies [3];
Reliability [3]

2007  - 2011

Makis V.[9] University of Toronto, ON, Canada [9] Makis V. [9];
Jianmou Wu [2];
Yin Z. [2]

Condition based maintenance 
(CBM) [8];
Condition monitoring (CM) [3];
Control charts [3];
Algorithms [2];
Bayesian control chart [2];
Bayesian methods [2];
Comparison result [2];
Economic statistical design [2];
Engine maintenance [2];
Failure state [2];
Statistical process control [2]

CBM [9];
Condition monitoring [4];
Modeling [3];
Algorithms [2];
Costs / ROI [2];
Decision support [2];
Engines [2];
Failure [2];
Fault detection [2];
Maintenance policies [2]

2006  - 2011
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Author Name Affiliation Top Co-Authors Top Subject Terms Top Subject Groups Publication  
Years

Banjevic, D.[8] University of Toronto, ON, Canada [8] Banjevic, D. [8];
Jardine, A. K. S. [8];
Lin, D. [2];
Zuashkiani A [2]

Condition based maintenance 
(CBM) [6];
Condition monitoring (CM) [3];
Engine maintenance [3];
Bayes rule [2];
Bayesian methods [2];
Condition indicators [2];
Covariates [2];
Decision making [2];
knowledge elicitation process 
[2];
Potential benefits [2];
Proportional hazard model [2];
Remaining Useful Life (RUL) 
[2];
time dependent covariates [2]

CBM [7];
Failure [4];
Condition monitoring [3];
Engines [3];
PHM [3];
Decision support [2];
Machinery [2];
RUL [2];
Vibration [2];

2006  - 2011

Tian, Zhigang[7] Concordia University, Montreal, QC, Canada [7] Tian, Zhigang [7];
Jin, T. [3];
Zuo MJ [2]

Condition monitoring (CM) [7];
Condition based maintenance 
(CBM) [6];
Engine maintenance [5];
Artificial neural network 
(ANNs) [3];
Maintenance cost [3];
Monitoring and control 
systems [3];
Multiple components [3];
Neural networks [3];
Simulation [3];
Turbine components [3];
Wind farm [3];
Wind power generation 
systems [3];
Wind turbines [3]

Condition monitoring [7];
CBM [6];
Artificial intelligence [5];
Costs / ROI [5];
Engines [5];
Prediction (general) [3];
Simulation [3];
Vibration [3];
Decision support [2];
Failure [2];

2009  - 2011
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Author Name Affiliation Top Co-Authors Top Subject Terms Top Subject Groups Publication  
Years

Ghasemi, A.[6] Ecole Polytechnique de Montreal, QC, Canada 
[6]

Ghasemi, A. [6];
Ouali M. -S. [6];
Yacout S. [6]

Condition based maintenance 
(CBM) [6];
Bayes rule [4];
Hidden Markov models [4];
Proportional hazard model [4];
Bayesian methods [3];
Dynamic programming [3];
Engine maintenance [3];
Probability [3];
Condition monitoring (CM) [2];
Failure analysis [2];
Hazards [2];
Replacement policy [2];
system failure rate [2]

CBM [6];
Modeling [5];
Failure [4];
Condition monitoring [3];
Degradation [3];
Engines [3];
Maintenance policies [3];
Costs / ROI [2];
Reliability [2];

2007  - 2010

Jen, C.-K.[6] National Research Council Canada, 
Boucherville, QC, Canada [6];
Defence R&D Canada (DRDC), Ottawa, ON, 
Canada [5];
McGill University, Montreal, QC, Canada [3]

Jen, C.-K. [6];
Kobayashi, M. [6];
Mrad, Nezih [5];
Wu, K.-T. [3];
Liu, W.-L. [2]

Ultrasonic transducers [5];
Sensors [4];
Sol-gel spray technique [4];
Structural health monitoring 
(SHM) [4];
Condition monitoring (CM) [3];
Damage detection [3];
Flexible ultrasonic transducer 
[3];
Health monitoring [3];
Nondestructive testing (NDT) 
[3];
sol-gel processing [3];
Structural engineering [3]

Structures [6];
Materials [5];
Ultrasonics [5];
Aircraft (excl. Rotorcraft) [4];
Piezoelectric devices [4];
Sensors [4];
SHM [4];
Condition monitoring [3];
Damage detection [3];
Health and usage monitoring 
[3];

2006  - 2011
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Author Name Affiliation Top Co-Authors Top Subject Terms Top Subject Groups Publication  
Years

Kobayashi, M.[6] National Research Council Canada, 
Boucherville, QC, Canada [6];
Defence R&D Canada (DRDC), Ottawa, ON, 
Canada [5];
McGill University, Montreal, QC, Canada [3]

Jen, C.-K. [6];
Kobayashi, M. [6];
Mrad, Nezih [5];
Wu, K.-T. [3];
Liu, W.-L. [2]

Ultrasonic transducers [5];
Sensors [4];
Sol-gel spray technique [4];
Structural health monitoring 
(SHM) [4];
Condition monitoring (CM) [3];
Damage detection [3];
Flexible ultrasonic transducer 
[3];
Health monitoring [3];
Nondestructive testing (NDT) 
[3];
sol-gel processing [3];
Structural engineering [3]

Structures [6];
Materials [5];
Ultrasonics [5];
Aircraft (excl. Rotorcraft) [4];
Piezoelectric devices [4];
Sensors [4];
SHM [4];
Condition monitoring [3];
Damage detection [3];
Health and usage monitoring 
[3];

2006  - 2011

Ouali M. -S.[6] Ecole Polytechnique de Montreal, QC, Canada 
[6]

Ghasemi, A. [6];
Ouali M. -S. [6];
Yacout S. [6]

Condition based maintenance 
(CBM) [6];
Bayes rule [4];
Hidden Markov models [4];
Proportional hazard model [4];
Bayesian methods [3];
Dynamic programming [3];
Engine maintenance [3];
Probability [3];
Condition monitoring (CM) [2];
Failure analysis [2];
Hazards [2];
Replacement policy [2];
system failure rate [2]

CBM [6];
Modeling [5];
Failure [4];
Condition monitoring [3];
Degradation [3];
Engines [3];
Maintenance policies [3];
Costs / ROI [2];
Reliability [2];

2007  - 2010
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